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According to current concepts, bacteria ingested by mammalian phagocytes 
may be killed and digested by the cell; they may survive within the cell for 
prolonged periods  with  little or  no multiplication; or  they may proliferate 
rapidly, killing the phagocyte and escaping from it, (1-3). The purpose of this 
report is to present another type of outcome, which appears not to have been 
commented on previously, in which  the bacteria, having been ingested and 
enclosed in a digestive vacuole by the leukocyte, are ejected by the living cell 
to  the  outside  where  in some  instances they  resume multiplication and  in 
other instances do not. 
Methods 
The observations on which this report is based were made by mi~rlng  suspensions of bac- 
teria with blood and observing directly by phase contrast microscopy the process of phago- 
cytosis, and, when it occurred, the egestion of the phagocytized organisms. 
S~rains.--327W:  Beta  hemolytic  streptococcus, group  A,  Type  1,  originally obtained 
from the throat of a patient  in a milk-borne epidemic in 1944. AD 242: Beta hemolytic strepto- 
coccus, group A, Type 14, obtained through the courtesy of Dr. William Perry of the Strepto- 
coccal Disease Laboratory,  Warren Air Base, Wyoming (strain  P-13037). It was isolated 
in 1952 from the throat of a patient who had had symptoms for 8 hours. 
Cultures  to be studied  were grown overnight  in neopeptone-meat infusion broth con- 
taining 5 per cent defibrinated normal sheep blood. 0.2 ml. of such an overnight culture was 
inoculated into 2.0 ml. of modified  1 Todd-Hewitt broth (4), in some instances supplemented 
with 1 volume of normal rabbit serum to 9 volumes of broth. These cultures were incubated 
at 37°C. for 2 to 3 hours, and were then centrifuged. The bacterial sediment was taken up in 
an appropriate amount of fresh broth, so that in the final preparation the number of chains 
was roughly equal to the number of leukocytes. 
On clean glass slides a small drop of blood obtained directly by finger prick was mixed 
with a small loopful of heparin solution of such strength as to give a final concentration of 
heparin of approximately 1:10,000. A small loopful of the bacterial suspension was added to the 
blood on the slide and a 2 ram. loop was used to transfer the final mixture to a No.  1~,~ glass 
coverslip, which was then applied to the slide, and the preparation was rimmed with warm 
vaseline. The slide was immediately transferred  to the Leitz panphot microscope, around 
which an incubator had been built, so that the preparation could be kept at approximately 
37°C. during microscopic observations. The latter were made with  1.8 ram. dark  medium 
x  The modification consisted of the substitution of neopeptone for proteose peptone and 
of sterilizing in the autoclave at 121°C. for 20 minutes in place of flowing steam. 
305 306  EGESTIOI~  BY  LEU'KOCYTES 
phase contrast objective and condenser (American Optical Co., Buffalo) which had been ad- 
apted to the panphot. Photomicrographs were taken as indicated. A strobinar IV electronic 
fl~qhllght (Heitand  Research Corp.,  Denver)  served as source of illumination. The exposure 
time with this light was 1/1000 second, which was sufficiently brief to prevent blurring due 
to the movement of intracellular  and extraceliular particles. A Leitz green photographic filter 
was used, and magnification  on the films was 1100. 
In preparations of this type, human and mouse neutrophil cells remain in excellent con- 
clifton for 7 or 8 hours unless overgrowth  of extracellular bacteria occurs. Lymphocytes and 
monocytes are uninjured for even longer periods. The thickness of the preparation is of the 
utmost importance in contributing to satisfactory microscopic observations. If the preparation 
is too thin the blood cells are crushed,  and if it is too thick the internal details of the cells 
cannot properly be visualized under the phase microscope. When the coverslip is applied to 
the slide, the drop should spread rapidly and evenly almost to the edges of the coverslip and 
should not trap too many air bubbles. In such a preparation the central zone is thin and the 
outer zones are thick, but between them there should be an area in which the leukocytes are 
well preserved, slightly  compressed, and capable of carrying on relatively  unrestricted ameboid 
movement. Cells in such areas show no tendency to migrate to thicker areas of the preparation. 
RESULTS 
Phagocytosis of streptococci is readily observed under  the phase  contrast 
microscope.  Differences  in  the  phagocytosis  of  virulent  and  non-virulent 
strains will be the subject of a  subsequent  communication.  Regardless, how- 
ever, of strain differences, when a  streptococcus is ingested by a  human leuko- 
cyte it usually is seen within a  few moments to lie in a  clear vacuole, the size 
of the latter varying considerably from  cell to cell. The  vacuole persists for 
varying lengths of time often lasting until the cell dies. Occasionally, however, 
the vacuole is seen to empty itself in the space of a few seconds, and when it is 
located at the margin of the cell, the streptococci are seen to be egested with 
the fluid vacuolar contents beside the cell. Sometimes the cocci break away, 
and become free-floating, but more often they adhere to the side of the cell 
and  may  trail  behind  it  to  break  away  later  or  to  be  rephagocytized.  On 
rephagocytosis  the  bacteria  may  or  may  not  have  a  second  vacuole  form 
around  them.  When  the vacuole that  egests streptococci is located  towards 
the center of the cell and  the egestion takes place between  the cell and  the 
coverslip or slide, it may be difficult to be certain that an egestion has occurred, 
unless the cocci remain attached to the coverslip or slide and are disclosed as 
the  cell moves on  and  leaves them. 
The first observation of the phenomenon was made when a human monocyte phagocytized 
and then egested streptococcal strain AD 242 (Figs. 1 to 6). Phagocytosis of a curved chain of 
4 cocci occurred shortly after the preparation was set up, and a vacuole formed around the 
chain. Shortly thereafter a second chain,  consisting of 8 cocci, was phagocytized and came 
to lie in the same vacuole that contained the chain phagocytized earlier. Then the vacuole 
emptied itself, both chains being egested and clearly visualized outside the cell. They were 
then rephagocytized and remained intracellular, although not in  vacuoles, thereafter. This 
sequence of events is shown in the illustrations. 
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Two chains of streptococci were phagocytized within a short time of each other. Immediately 
before  phagocytosis  the  shorter  of  the  two  chains  consisted  of  two  single  cocci  and 
one elongated coccus that had started to divide, as shown by elongation and central con- 
striction. One of the single cocci became enclosed in a  vacuole alone, and can he followed 
in the photographs as it migrated to the cell edge and was egested (Fig. 12) after being in the 
leukocyte 13 minutes. The other cocci were in another vacuole and were egested at 14 minutes. 
7 minutes later they were rephagocytized by the leukocyte that had egested them. 
Whether egested cocci proliferate after leaving the cell or are unable to do 
so appears to depend in part, at least, on how long they have been within the 
cell.  In order to obtain pertinent information on this score it is necessary to 
observe and record the time of the initial phagocytosis of the chain by a leuko- 
cyte that does not subsequently phagocytize so many other chains that the 
first one is lost sight of and cannot be identified as such. Furthermore, it is 
necessary that the egested cocci remain extracellular long enough to be certain 
that proliferation has had an opportunity to occur, if the organisms are still 
capable of it, which means that they must not be phagocytized too soon either 
by another leukocyte or by the leukocyte that expelled them. 
On  several  occasions we  have been  able  to  observe  this  entire  sequence 
without undesirable interruption. In the sequence just described (Figs. 7 to 18) 
the configuration of the shorter chain was essentially the same when it was 
egested as when it had been phagocytized about  13  minutes earlier,  except 
for separation of the chain into its constituent cocci. During 7 minutes outside 
the  cell before rephagocytosis occurred,  the  two single cocci elongated and 
began to constrict centrally, which is highly suggestive of beginning cellular 
division (Fig. 16 compared to Fig. 13). Observations concerning the inability 
of streptococci  to  divide within the phagocyte will  be  reported  in  another 
communication concerned with the intracellular fate of bacteria. 
Another example of division following egestion is shown in Figs.  19 to 24. Streptococcus 
327W was phagocytized by a  mouse leukocyte, and after intracellular sojourn of 11 minutes, 
a  chain of 3 cocci was egested. This chain then proceeded to divide in the extraceUular en- 
vironment. The details are given in the legend of the figures. 
In a  third instance a chain of strain 327W was phagocytized by a human neutrophil. One 
coccus of the chain was egested after an intracelluhr period of almost 50 minutes. The coccus 
was observed for 40 minutes following egestion, and during this interval it did not divide. An 
abbreviated sequence of photographs (Figs. 25 to 30) illustrates these observations. 
Altogether 42 egestions by mouse and human leukocytes have been witnessed, 
and one human leukocyte was observed while it egested cocci or chains at 
five different times. In most of these observed egestions either the time  the 
streptococci had been in the cell  was not known or the egested cocci  were 
rephagocytized before they had an opportunity to proliferate following release 
from the cell; but from the observations that have been made it may be sur- 
mised that an intracellular residence of as long as 15 minutes may not injure 
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that if it has been within the cell for as long as 30 minutes it may be unable to 
proliferate following egestion or may have been injured so that it has to go 
through a  lag phase in its growth that has lasted longer than the period of 
observation  following egestion  (the  longest  such  period  in  this  experience 
being 50  minutes). The observations are  too few  to justify generalizations, 
and there may be differences in the capacity of various types of cells  or  in 
cells from various species to egest, as well as differences among various strepto- 
coccal strains in their susceptibility to injury by the intracellular environment. 
It may be said, however, that no significant difference has been noted in the 
frequency of cellular injury produced by mouse and human neutrophils. The 
egestion of microorganisms other than streptococci has not been adequately 
explored. 
The above observations have concerned  the phagocytosis and egestion of 
streptococci. That other particles may be involved in the phenomena is shown 
in Figs. 31 to 36. 
In this experiment, which was set up to study the phagocytosis of a streptococcal strain, 
a human monocyte was encountered that had phagocytized an erythroeyte. The origin of the 
erythrocyte is not certain, but in all probability it is a sheep cell, derived from the blood broth 
medium in which the streptococcus was grown overnight. Whatever the origin of the cell, it 
had  been  phagocytized  by  the  monocyte,  and  the  serial  photographs  show  that  it 
was hemolyzed within the cell, forming a red cell ghost that was egested and remained extra- 
cellular for the rest of the period of observation. 
DISCUSSION 
The  observations  described  above  and  illustrated  in  the  figures  indicate 
that mammalian leukocytes not only can phagocytize particles  but also can 
egest them. In this respect they resemble the amebae, paramecia, and other 
protozoa that for many decades have been known to egest residues of bacteria, 
algae, and other organisms that serve as their source of food. It is somewhat 
surprising that this capacity of leukocytes has not previously received atten- 
tion, but a search of the pertinent literature has failed to disclose reference to 
the  phenomenon. 
Many studies of phagocytosis in vitro have been based on assumptions that 
the presence of a particle within a phagocyte represents a piece of work done, 
and that a particle not in a phagocyte has not been phagocytized and therefore 
does not represent work done. The observations made here indicate unequiv- 
ocally that this attitude is an oversimplification, and that actually a  particle 
within a cell may represent three pieces of work done, namely a phagocytosis, 
an egestion, and another phagocytosis, and furthermore that a particle outside 
a cell may have been phagocytized and egested. In the case of the streptococcus, 
at least, egested cocci, whether they have been in the cell but a short time or a 
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are  indistinguishable morphologically from cocci that have not been phago- 
cytized. 
The egestion of bacteria has been observed only from blood cells that are 
well preserved and actively motile. Leukocytes that have started to deteriorate, 
as shown by loss of motility, development of ekcessive fluidity or solidity of 
cytoplasm, development of haziness or increased density of the nucleus, or a 
peculiar form of agitated pseudopodic activity that does not result in a change 
in position of the cell and which appears to be one of the early manifestations of 
cellular injury, have  not been seen to egest their phagocytized bacteria. The 
egestion phenomenon is  essentially characteristic of healthy cells. 
The  observations  reported  here  have  all  been  made  under  the  artificial 
conditions of slide preparations, and one cannot be certain that egestion also 
occurs in  vivo.  The  observations do,  however,  indicate  that  the leukocytes 
possess the ability to egest phagocytized particles, at least under the experi- 
mental circumstances employed; and it is not unreasonable to suppose that 
it also may occur in inflammatory reactions. It would be relatively difficult to 
observe  the phenomenon in  vivo  since prolonged observations of individual 
cells  are  necessary, but such observations should be attempted. 
Whether organisms known to persist in the living state after they have been 
phagocytized, such as the bacilli of tuberculosis, brucellosis, and leprosy and 
perhaps  even certain filterable viruses and rickettsiae may leave their host 
cells  by the process of egestion is not known. It  is a  subject that deserves 
investigation, since the liberation of viable infectious agents from the cells in 
which they are initially lodged might play a role in their dissemination through 
the  body. 
When the bacteria have been killed before egestion, the phenomenon itself 
appears to be of little consequence, although it may serve as a mechanism by 
which microorganisms can pass beyond the first rank of defending cells in an 
inflammatory reaction  and  reach  other  cells  of  the  body  where  they may 
finally be digested and where the presence of antigenic constituents may be 
of particular  significance. 
SUMMARY 
Streptococci that were phagocytized by human  or mouse leukocytes were 
usually enclosed in a digestive  vacuole. At times the vacuole emptied itself, 
discharging the cocci to the outside. Whether the egested streptococci then 
multiplied in the extracellular  environment appeared to depend upon how long 
they had been in the vacuole. 
The phenomenon  of egestion also involves particles other than bacteria, 
as shown by observation of  an erythrocyte that was phagocytized by a human 
leukocyte and was hemolyzed  intracellularly,  forming a cell  ghost that was 
then egested. 310  EGESTION BY  LEUKOCYTES 
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EXPLANATION OF PLATES 
The photographs were made with the assistance of Mr. Edgar N. Adams. Micro- 
scopic  and  photographic  equipment  was  generously  supplied  by  the  Helen  Hay 
Whitney Foundation. 
PLATE 34 
Phagocytosis and egestion of streptococcal strain AD 242  (group A, Type 14) by 
a human monocyte. (X 1600). 
FIG.  1.  30 minutes after the preparation  was set  up. The monocyte had  phago- 
cytized a curved chain of 4 cocci, forming a vacuole around it. 







50 minutes. The second chain was phagocytized and  the two chains were 
a single vacuole. 
65 minutes. The two chains were egested. 
70 minutes. The chains were rephagocytized. 
110 minutes. The chains remained within the cell,  but were not located in THE  JOURNAL  OF  EXPERI~IENTAL  MEDICINE  VOL.  98  PLATE  34 
(Wilson: Egestion by leukocytes) PLATE 35 
Phagocytosis  and  egestion  of  streptococcal  chain  327W  (group  A,  Type  1)  by 
mouse polymorphonuclear neutrophil. (× 1600). 
FIG. 7.  Start of observations. The leukocyte was seen close to 2 chains of strepto- 
coccus. 
FIG. 8.  8 minutes. The smaller chain was phagocytized and the cocci were seen in 
3 vacuoles.  The larger chain shows progression of cell division. 
FIG. 9.  81/~ minutes. The larger chain was  in the process  of being phagocytized. 
The smaller chain was lodged  in 2 vacuoles, one of which contained a single coccus. 
FIG. 10.  9~ minutes. The vacuoles containing the smaller chain moved closer  to 
the cell edge. 
FIG.  11.  10 minutes. The vacuoles containing the smaller chain  were  at the cell 
edge. 
FIG. 12.  13 minutes. The vacuole containing the single coccus of the smaller chain 
was egested. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 98  PLATE  35 
(Wilson:  Egestion by leukocytes) PLATE 36 
FIG. 1,3. 14 minutes. The remaining cocci of the smaller chain were egested. 
Fro. 14.  15 minutes. The leukocyte moved away from the egested cocci. 
FIG. 15.  18 minutes. The egested cocci were still separate from the leukocyte. 
FIG.  16.  20 minutes.  The egested cocci were approached  again by  the leukocyte. 
The two single cocci had elongated and had started to develop a central constriction. 
FIG. 17.  21  minutes.  The egested  cocci  were rephagocytized. 
FIG. 18.  24 minutes. The rephagocytized cocci were lodged in a  brilliant vacuole. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  98  PLATE  36 
(Wilson: Egestion by leukocytes  ~, PLACE 37 
Phagocytosis and egestion of streptococcus 327W by mouse neutrophil, followed by 
extracellular proliferation of the egested cocci.  (>(1600). 
FIG. 19.  Start of observations. The leukocyte approached a chain of 8 cocci. 
FIG. 20.  4 minutes. Phagocytosis was accomplished, and the cocci were lodged in a 
Vacuole. 
FIG.  21.  10  minutes.  Four  of  the  cocci  were  egested  and  immediately 
rephagocytized. 
FIG. 22.  12 minutes. A chain of 3 cocci was egested close to an air bubble. 
FIG. 23.  22 minutes. The cocci showed evidence of cell division. 
FIG.  24.  34  minutes.  The cocci  continued  to divide. Just before this photograph 
was  taken,  one of the cocci broke loose  from the chain and drifted off. Note: These 
cocci had been in the leukocyte for 11 minutes. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 98  PLATE  37 
(Wilson:  Egestion by leukocytes) PLATE  38 
Phagocytosis  and  egestion  of  streptococcus  327W  by  human  neutrophil  showing 
failure of egested coccus to proliferate (X 1700). 
FIG. 25.  Start of observations.  A  neutrophil phagocytized a chain of 7 streptococci, 
one of which separated from the remainder in the process of phagocytosis. 
FIG. 26.  15 minutes.  The single coccus was lodged in a  small vacuole (see arrow), 
while the rest of the chain was enclosed in another. 
FIG. 27.  50 minutes. Several other short chains were phagocytized by the leukocyte 
(not shown  in  the photographs)  and  then  the single coccus was  egested. It had been 
intracellular for almost 50 minutes. 
FIG. 28.  55  minutes.  The  coccus remained  extracellular,  but attached  to  the out- 
side of the cell. 
FIG.  29.  61  minutes.  The  coccus  continued  to be extracellular and  was  separated 
from the cell by a  short distance,  but was still attached  to it, as shown by its trailing 
the cell as the latter moved, although no visible means of connection could be made out. 
Fro. 30.  90 minutes. The coccus finally broke away from the leukocyte completely, 
and was freely floating and in brownian movement (see arrow). It had not proliferated 
during a  period of 40  minutes  following its  egestion. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 98  PLATE  38 
(Wilson:  Egestion by leukocytes) PLATE 39 
Intracellular hemolysis of erythrocyte in human monocyte, followed by egestion of 
red cell ghost. (× 1700). 
Fla. 31.  Start of observations. The preparation had been set up for 17 minutes. A 
neutrophil had trapped a chain of streptococci against a  monocyte that  contained a 
red blood cell. 
FIG. 32.  2 minutes. The streptococcal chain was phagocytized and a vacuole formed 
around it. The red cell in the monocyte showed  no change. 
FIG. 33.  6 minutes. The erythrocyte was located near the cell edge. 
FIG. 34.  61~ minutes. The erythrocyte was hemolyzed suddenly. 
FIG. 35.  7 minutes. The erythrocyte ghost was egested. 
FIG.  36.  66  minutes. The  ghost  remained extracellular. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 98  PLATE  39 
(Wilson: Egestion by leukocytes) 